Change of arbuscular mycorrhizal fungi (AMF) dynamics following land use change was investigated. A study was carried out using four land use types viz., a mature forest (MF), a Eucalyptus plantation (EP: which was established after clearing mature forests in the area in 1980s) and two regenerating forests (Re: following clear-cut of Eucalyptus in 2005), where one is bordered by a Eucalyptus plantation (Re-EP) and the other bordered by a mature forest (Re-MF), located in the Intermediate Zone of Sri Lanka. Soil samples were collected from each land use type and the AMF spores were quantified and identified into morphotypes. Percentage AMF colonisation in fine roots was also quantified. Some basic soil parameters (pH, soil moisture, available P and total C) were also tested. A total of 24,698; 16,379; 15,791 and 15,165 spores were recovered from MF, EP, Re-EP and Re-MF, respectively. The number of morphotypes was 14, 13, 11 and 9 in Re-EP, EP, MF and Re-MF, respectively. The MF showed the highest diversity index (0.970), followed by EP, Re-EP and Re-MF. The MF showed a significantly higher average number of spores (2,058) compared to EP, Re-EP and Re-MF (1,365; 1,316 and 1,264, respectively). Out of 19 morphotypes, 5 (26 %) were observed in all land use types, while 4 (21 %) were observed exclusively in Re-EP. Percentage root colonisation was significantly higher in MF (≈70 %) than in other land use types (52 -53 %). The MF showed a higher soil moisture and total organic matter content than the rest of the study sites, with no significant difference in available P. The results indicate that the change of land use has clearly altered the abundance and composition of the AMF population.
INTRODUCTION
The conservation of the existing forest cover and restoration of degraded forests into natural woodlots have become important worldwide. During the restoration, the vegetation as well as the soil microbiota re-instate with time as the microbiota plays a crucial role in the process. Among the soil biota, arbuscular mycorrhizal fungi (AMF) play a decisive role forming symbiotic associations with higher plant roots, rendering mutualistic benefits to both parties. AMF improve soil health, as well as water and nutrient uptake by plants especially under stress conditions (De Souza & Batista, 2004; Maherali & Klironomos, 2007; Smith & Read, 2008 ; van der Heijden et al., 2008) . AMF are also known to enhance the survival of seedlings, and the growth of mature plants (Treseder, 2013; Davidson, 2015) . Therefore, AMF play a significant role in determining the structure and composition of forest ecosystems as well as in their restoration processes following disturbances.
Soil disturbances can disrupt the existing mycorrhizal network that connects mycorrhizae and plants together (Sheng et al., 2012; Kohl et al., 2014) . Once disturbed, the AMF network will take a long time to restore back to its original state. There are other factors such as host specificity, competition from other soil microbes and the availability of inocula, influencing the reinstatement of mycorrhizal associations and their abundance in
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Journal of the National Science Foundation of Sri Lanka 45 (4) disturbed sites (Parke et al., 1983) . Furthermore, the role of native plants to promote AMF proliferation has also been highlighted in management interventions of degraded ecosystems (Tanner & Gange, 2013) . Rapid establishment of host plants may assist the fungal population to rebuild itself (Perry et al., 1987) . Pioneers sharing the same species of mycorrhizal fungi as the native plants may act as reservoirs of fungal inoculum during plant establishment.
To evaluate the success of forest restoration, many studies have concentrated on measuring above-ground parameters with less focus on below-ground parameters including soil nutrients and soil biota (Ruiz-Jaen & Aide, 2005). However, below-ground biological parameters are crucial in evaluating the success of forest restoration since they provide information on the resilience of the restored ecosystem (Wardle et al., 2004) . The main aim of this study was to investigate how AMF population recovers during the process of forest regeneration. To achieve this, a regenerating forest (after clear-cutting Eucalyptus in 2005) was compared with a mature forest (representing the vegetation prior to the establishment of the Eucalyptus plantation) and an existing Eucalyptus plantation.
METHODOLOGY

Study site and its history
In early 1980s, the Ceylon Tobacco Company (CCT) established Eucalyptus camaldulensis and Eucalyptus grandis plantations in Naula in the Matale District after clearing mature forests (dry mixed evergreen forests with scattered deciduous trees) in the area (de Silva et al., 2013) . However, the CCT decided to abandon these Eucalyptus plantations in 1990, and they were allowed to regenerate naturally. In 2005, as the natural succession was rather slow, some Eucalyptus plantations were clearcut in order to aid the natural forest regeneration process (Reed et al., 2009 ). Later, the site was declared as Maragamuwa Biodiversity Conservation Site (MBCS). The site is bordered by different land use types including a mature, intermediate zone forest, chena (shifting cultivation) lands, and Eucalyptus plantations etc. The area receives a mean annual rainfall of 1,750 -2,500 mm with a mean annual temperature of 24 -28 °C.
To conduct the study, four sites were selected: two sites of regenerating forests (after clear-cutting the Eucalyptus plantation in 2005), where one site is bordered by a mature forest (Re-MF), and the other by an existing Eucalyptus plantation (Re-EP); a mature forest (a dry mixed evergreen forest; MF); and a Eucalyptus camaldulensis plantation (EP; ≈ 32 years old; Figure 1 ). The two regenerating forest sites (Re-MF and Re-EP) were at a similar successional stage (they were initially abandoned in 1990 and later clear-cut in 2005). The four selected land use types provide an opportunity to quantify the AMF population dynamics following an anthropogenic disturbance to a mature forest. The four sites represent a chronosequence of land use types following establishment of Eucalyptus plantation after clearing mature forests in the area.
Quantification of AMF spores
Soil sampling was carried out once during the dry season in 2014. Four composite soil samples were collected randomly from a depth of 0 -15 cm from 3 representative sites from each land use type (MF, Re-MF, Re-EP and EP), totalling 48 soil samples (4 land use types × 3 blocks × 4 samples = 48 samples). AMF spores were quantified using the wet sieving and decanting method described by Brundrett (1995) . Spores were categorised into 3 size classes using sieves with mesh sizes 250, 63 and 45 µm. The isolated spores on filter papers were counted using a dissecting microscope. The spores were identified into different morphotypes depending on the 
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spore characteristics including the colour, wall markings, appendages etc. With the spore numbers counted from different morphotypes, the abundance, spore richness, Shannon-Wiener diversity index and evenness were calculated (Magurran, 2009 ). Semi-permanent slides were prepared with spores of different morphotypes using polyvinyl alcohol-lacto-glycerol (PVLG) with Melzer's reagent for further identification using spore characteristics given in the INVAM website (http:// invam.wvu.edu).
Assessing root colonisation
Three composite soil cores were taken randomly (from a depth of 0 -15 cm) from each study site totalling 36 soil samples (4 land use types × 3 blocks × 3 samples = 36 samples) to quantify AMF colonisation of roots. In the laboratory, live root samples were isolated after soaking the soil samples in water followed by wet sieving using a 0.25 mm sieve. Fine roots collected were analysed for root colonisation of AMF. Roots were cleared in 10 % KOH, then stained in 0.03 % CBE (chlorozol black E) and de-stained (if needed) in 50 % glycerol (Brundett, 1995) . Percentage root colonisation (% root colonisation = number of interceptions crossing AMF structures/total number of cortical cells) was calculated using the cross hair interception method as described by McGonigle in 1990.
Soil chemical analysis
Field-fresh soil samples were analysed for pH (soil:distilled water 1:4), gravimetric moisture content (%) and available phosphorus (Olsen method). Total organic carbon (colourimetric method) and total nitrogen (Kjeldhal method) were also quantified (Anderson, 1993) .
Statistical analysis
The data were analysed using general linear model (GLM) in Minitab version 16.0. Mean separations were done using Tukey's HSD ad-hoc test. The data set was checked for normal distribution using Anderson-Darling test prior to data analysis using parameteric methods.
RESULTS AND DISCUSSION
Abundance, richness and composition of AMF spores
According to the results obtained, the highest number of AMF spores were recorded in MF (24,698) followed by EP (16,379), Re-EP (15,791) and Re-MF (15,165) ( Figure 2 ). The mean number of AMF spores showed significantly higher values in MF compared to the other land use types (p ≤ 0.05; Figure 2 ), indicating that during the conversion from a mature forest into a Eucalyptus plantation, the AMF population has declined significantly. However, no significant differences were observed in AMF spore abundance between the EP and regenerating forests (Re-EP or Re-MF).
The smallest spores (< 45 µm) dominated AMF spore counts in the MF compared to other land use types (Figure 3) , while medium and large spore types did not show any significant difference between the land use types. The largest spores (> 250 µm) were the least prevalent in all land use types. Out of the total 19 morphotypes recorded in the study, 5 (≈ 26 %) were observed in all four land use types and 4 morphotypes (≈ 21 %) were observed exclusively in the Re-EP. Among the AMF spores identified to their generic levels, Glomus, Acaulaspora and Gigaspora spp. were recorded in all four land use types while Scutellospora sp. was found only in Re-EP, indicating compositional differences between the land use types ( Figure 5) . A previous study suggested that although there are no differences in AMF richness between different habitats, AMF composition can vary (Hayman, 1983) . Studies also suggest that the species composition of AMF communities is determined by the community structure of the vegetation (Wagg et al., 2014) .
The highest Shannon-Wiener (S-W) diversity index and evenness values were recorded in MF (0.969 and 0.404, respectively), whereas the lowest S-W index and evenness values were documented in Re-MF (0.308) and Re-EP (0.129), respectively (Table 1) . According to previous studies, no consistent shifts were recorded in the diversity of AMF during ecosystem development (Johnson et al., 1991; Pezzani et al., 2006; Sikes et al., 2012; Zangaro et al., 2012) . However, Hayman (1983) noted that monoculture vegetation reduces the AMF diversity while it increases in landscapes with multiple species. A previous vegetation study carried out at the MBCS showed a higher diversity index (> 10 cm dbh) at the MF than that in Re-EP, Re-MF and EP (Alahakoon et al., 2006). Another study concluded that there are no significant differences in plant richness and abundance between the two regenerating forests, Re-EP and Re-MF (unpublished data). The results of the present study therefore indicate that there is a positive relationship between the above-ground plant diversity and the diversity and abundance of below-ground AMF. In support of the present findings, Hiiesalu et al. (2014) had revealed that the AMF spore richness and abundance are positively correlated with plant species richness.
Soil edaphic properties and root colonisation potential of AMF
According to the soil analysis, soil moisture (%) and organic C (%) were significantly higher in the MF compared to other land use types (EP, Re-MF and Re-EP). All land use types showed near neutral soil pH values with significantly higher values at Re-EP. Soil pH values between 6 and 7.5 are optimum for plant growth and nutrient uptake (Hazelton & Murphy, 2007) . AMF spore abundance is reported to be closely related to soil type and soil pH (Gai & Liu, 2003; Lekberg et al., 2011) . According to Bivoko et al. (2013) , AMF preferred nearneutral pH values and high organic matter content, while greater nutrient concentrations (N and P) and high pH values can limit AMF development (Correnho et al., 2014) . Margesin and Schinner (2005) also reported of a direct relationship between soil organic carbon content and the abundance and activity of soil microbes. However in the present study, available phosphorus showed no significant differences between the four land use types ( Table 2 ). The percentage of AMF colonisation of fine roots (< 0.25 mm) was higher (≈ 70 %) in MF compared to the other land use types (52 -53 %), with no significant differences among them. A previous study has suggested that percentage root colonisation correlates with the AMF spore abundance and was influenced mainly by the host plant and soil texture (Sturmer & Berbara, 2011) . However, other studies suggest that AMF diversity mainly depend not only on the vegetation but also on the soil nutrient status (Kivlin et al., 2011). A strong positive correlation has been observed between soil organic carbon and soil microbial population and their activity (Singh et al., 2016) . Higher soil moisture together with a greater organic C content in the MF may have facilitated a higher abundance of AMF and their colonisation potential in the present study.
According to this study, favourable soil conditions together with more diverse above-ground vegetation in the MF may have facilitated the higher abundance of AMF spores. Liang et al. (2015) also concluded that the diversity and composition of AMF are influenced by plant communities and soil nutrient properties. Other studies have also shown negative impacts on soil microbes when the natural forests are converted into plantations mainly due to decreases in soil organic carbon and necessary elements (Yu et al., 2012) . A similar relationship was also observed in the present results indicating that land conversion from a mature forest into a Eucalyptus plantation has negatively influenced the composition and abundance of AMF. Even after a decade of allowing these Eucalyptus plantations to regenerate naturally, the AMF population is still trying to recover to its original status. Therefore, the results suggest that similar to the aboveground vegetation, below-ground AMF population also takes a considerable time to recover into its near original state. It is a well known fact that forest regeneration and the recovery of soil biota are simultaneous processes; hence it seems that the regenerating forests (Re-EP and Re-MF) at Naula are still in their early stages of recovery, at least in terms of AMF. Therefore, once disturbed, these intermediate forests may take long time to reinstate the vegetation as well as the soil biota to their near-original states.
CONCLUSION
A onetime sampling in a series of land use types (a regenerating Eucalyptus plantation, a mature forest and an untouched Eucalyptus plantation), which represent a chronosequence of events of a land conversion, from a mature forest to an Eucalyptus plantation has shown a drastic reduction of AMF abundance followed by a compositional change. However, the richness of AMF is unchanged.
